In spring 2004 Double Star TC-1 measured a number of reconnection signatures at the dayside low-latitude magnetopause (MP) when there was a notable B y component in the magnetosheath. In a number of events we can show that reconnection was operating nearby TC-1 in the subsolar MP region. In this paper we describe three representative events: (a) event on 21 March 2004 in which the reconnection site can be remotely monitored, the spacecraft was passing by the X-line; (b) event on 12 March 2004 in which TC-1 observed the magnetospheric part of the quadrupolar field, together with a consistent flow reversal; (c) event on 26 March 2004 which occurred for northward IMF, TC-1 observed a reversal of v y across the equatorial MP. In these events the shear angles across the MP were considerably smaller than 180 • ; a noticeable guide field was present. These observations are consistent with near equatorial component merging, suggesting that component reconnection preferably occurs at the dayside low-latitude MP. There is evidence that when a pronounced magnetic shear across the MP exists in the B y component, reconnection may operate at the dayside low-latitude MP for northward IMF B z .
Introduction
Magnetic reconnection at the magnetopause (MP) is the primary mechanism responsible for the transfer of solar wind energy and plasma into the magnetosphere. Previous observations have considerably increased our understanding of this key process in the solar wind-magnetosphere coupling (Paschmann et al., 1979; Sonnerup et al., 1981; Russell and Elphic, 1978; Gosling, 1990) .
However, some fundamental questions remain unclear. It is not yet quite known where reconnection first occurs and how the resulting structure moves (Cooling et al., 2001) . Whether reconnection can operate at the dayside low-latitude MP for northward IMF B z is also a matter of ongoing discussions. The anti-parallel merging model (Crooker, 1979; Luhmann et al., 1984) suggests that when a non-zero interplanetary magnetic field (IMF) B y is present, MP reconnection takes place preferentially at higher latitudes where magnetospheric and magnetosheath magnetic fields are anti-parallel. On the contrary, the component merging model suggests that reconnection predominately appears in the subsolar region along the X-line which passes through the subsolar point with a tilt depending on the orientation of the IMF (Gonzalez and Mozer, 1974; Cowley, 1976; Sonnerup et al., 1981) . SuperDARN HF radar measurements (Chisham et al., 1999) found that the anti-parallel merging hypothesis matched the data far better than the subsolar merging hypothesis. Evidence for anti-parallel reconnection in the cusp region has Z. Y. Pu et al.: Magnetic reconnection at the dayside magnetopause slope matches B N > 0 and positive slope corresponds to B N < 0 Phan et al., 2004) .
Event 12 March 2004
Secondly we show an event on 12 March 2004 in which TC-1 observed the quadrupolar field in/near the diffusion region. During this event the TC-1 GSM coordinates were ∼(10.6, -0.4, -1.8)R E . Geotail situated at ∼ (-9.9,-22.8,-9.8 )R E (GSM) and observed a southward IMF with non-zero B y for the period of interest. recently been observed by Cluster (Zong et al., 2003) . On the other hand, at the low-latitude MP, reconnection signatures have been detected for a large range of IMF orientation (Scurry et al., 1994) . ISEE observations of flux transfer events (FTEs) (Russell and Elphic, 1978) when the IMF is not due southward are consistent with near equatorial component merging (Russell et al., 1985) . Particle distribution measurements by AMPTE/CCE and Polar spacecraft suggest that for northward IMF, reconnection happens on the tailward side of the cusp (Song and Russell, 1992) , as well as equatorward of the cusp on the dayside (Onsager and Fuselier, 1994; Fuselier et al., 1997; Chandler et al., 1999) . Nevertheless, direct observations of reconnecting magnetic fields and accelerated plasmas are highly required to verify this suggestion.
The Double Star TC-1 orbit has an apogee of ∼12.4 R E , a perigee of 577 km, an inclination of 28.25 • , and an orbital period of 27.4 h . In spring 2004 TC-1 traversed the dayside MP more than sixty times and observed a large number of reconnection signatures when a non-zero IMF B y existed. This paper will study three such examples in some detail.
In this study, we use spin average data which have a 4-s resolution from the Fluxgate Magnetometer (FGM) (Carr et al., 2005) , Hot Ion Analyzer (HIA) and Plasma Electron and Current Experiment (PEACE) (Fazarkeley et al., 2005) .
Observations
A number of events exist in which ongoing reconnection was not far from TC-1 at the dayside low-latitude MP. This section presents three representative events.
Event 21 March 2004
First we show an event in which the reconnection site can be remotely monitored. Around 20:40 UT on 21 March 2004, TC-1 was located at ∼(10.3, -1.4, -2.5) R E (GSM). Figure 1 shows, from top to bottom, the total magnetic field (a), the three components of the magnetic field and the thermal ion velocity in the GSM coordinate system (b and c) and in the MP local boundary system (d and e), thermal ion density (f) and temperature (g). In the local MP coordinates L, M and N represent, respectively, the direction of the maximum, intermediate and minimum variance of the measured magnetic field and positive N is outward (Sonnerup and Schelible, 1998) . In reconnection, merging happens in the L-component; the M and N indicates the guide field and normal field direction, respectively.
At ∼20:36 UT TC-1 went out from the magnetosphere to the magnetosheath; at ∼20:44 it returned back to the magnetosphere. During this time Cluster stayed just sunward of the bow shock and observed a southward B z with a noticeable dawnward B y for the time period of 20:32-20:40 UT (not shown here). During the outbound and inbound MP crossing, TC-1 detected a southward (-z-direction) and northward (+z-direction) jet, respectively. The v z component of the jets reached ∼320 km/s, much higher than the background magnetosheath flow. It is of interest to note that in the MP current layer B N , the magnetic field component normal to the local MP has a weak nonzero value that was positive (negative) for the southward (northward) jet. Therefore, according to the classical reconnection picture, during the outbound and inbound MP traversals, TC-1 was on the southern and northern sides of the X-line, respectively (Phan et al., 2000) . This is consistent with the fact that both v z and v L were directed southward and that in the time interval between the outbound and inbound MP crossing, the z-component of the DeHoffmann-Teller frame velocity (V H T ) z (Khraborv and . The quadrupolar fields in/near the diffusion region have already been observed at the MP (Mozer et al., 2002; Deng and Matsumoto, 2001) , as well as in the magnetotail (Nagai et al., 2001; Øieroset et al., 2001) . In this event TC-1 was passing by the diffusion region and observed the magnetospheric half part of the quadrupolar field, together with a consistent rapid reversal of v L . The yellow and gray shadow in Figure 3 represents, respectively, the area southward and northward of the X-line. The X-line in the center of the diffusion region was thus not far from the TC-1 position. Note that at the reversals of B N and v L , the background guide field B M was ≈-28 nT.
Event 26 March 2004
The third event was a low magnetic shear event observed around ∼09:40:24 UT on 26 March 2004 when TC-1 GSM coordinates were ∼(10.4, -2.2, -1.4)R E . During this event, Cluster was located in the solar wind just sunward of the bow shock. The Cluster measurement showed that the IMF had a northward orientation with a positive B y . In the time period of interest, IMF B z and B y were 6nT and 9nT, respectively. Figure 4 displays the measurements of variables similar to those in Figure 1 . In addition, the bottom three panels show the electron density (g), temperature (h) and heat flux parallel to the magnetic field (i) measured by TC-1 PEACE. It is seen that while traversing from the magnetosheath into the magnetosphere, B z increased from 30nT to 50nT and B y dropped from 40nT to -5nT. In the meantime TC-1 encoun- crossing, respectively, where V A denotes the corresponding Alfvén velocity, and v−V H T stands for the plasma velocity in the DeHoffmann-Teller (HT) frame (Khraborv and Sonnerup, 1998) .
The slopes of the regression lines and the correlation coefficients are not far from unit, intimating a good Alfvénic nature of the boundary flows of the MP reconnection . The slope signs are in agreement with the signs of B N , i.e. a negative slope matches B N >0 and a positive slope corresponds to B N <0 Phan et al., 2004) .
Event 12 March 2004
Secondly, we show an event on 12 March 2004 in which TC-1 observed the quadrupolar field in/near the diffusion region. During this event the TC-1 GSM coordinates were ∼(10.6, -0.4, -1.8) R E . Geotail was situated at ∼(-9.9, -22.8, -9.8) R E (GSM) and observed a southward IMF with nonzero B y for the period of interest. . The quadrupolar fields in/near the diffusion region have already been observed at the MP (Mozer et al., 2002; Deng and Matsumoto, 2001 ), as well as in the magnetotail (Nagai et al., 2001; Øieroset et al., 2001) . In this event TC-1 was passing by the diffusion region and observed the magnetospheric half of the quadrupolar field, together with a consistent rapid reversal of v L . The yellow and gray shadow in Fig. 3 represents, respectively, the area southward and northward of the . The quadrupolar fields in/near the diffusion region have already been observed at the MP (Mozer et al., 2002; Deng and Matsumoto, 2001) , as well as in the magnetotail (Nagai et al., 2001; Øieroset et al., 2001) . In this event TC-1 was passing by the diffusion region and observed the magnetospheric half part of the quadrupolar field, together with a consistent rapid reversal of v L . The yellow and gray shadow in Figure 3 represents, respectively, the area southward and northward of the X-line. The X-line in the center of the diffusion region was thus not far from the TC-1 position. Note that at the reversals of B N and v L , the background guide field B M was ≈-28 nT.
Event 26 March 2004
The third event was a low magnetic shear event observed around ∼09:40:24 UT on 26 March 2004 when TC-1 GSM coordinates were ∼(10.4, -2.2, -1.4)R E . During this event, Cluster was located in the solar wind just sunward of the bow shock. The Cluster measurement showed that the IMF had a northward orientation with a positive B y . In the time period Paschmann, 1995). The appearance of the v y reversal was accomplished by nearby reconnection associated with a pronounced local magnetic shear in the y-direction (Gosling et al. 1990 ). 2004 (≈1.35). TC-1 was thus located in the depletion layer in the magnetosheath . The magnetic field topology near the merging site will be studied in a future paper. In short, the reconnection in this event occurred for a northward IMF B z nearby TC-1 at the dayside low-latitude MP.
Discussion
There are several events in the TC-1 reconnection list which are similar to the those three described in the previous section. These observations support the component merging hypothesis and provide new evidence for dayside reconnection for northward IMF B z when an IMF B y is present. The most straightforward way to distinguish component and anti-parallel reconnection is to determine if there is a guide field at/near the reconnection site, or whether the shear angle across its local MP noticeably deviates from 180 o . In the 21 March event TC-1 passed nearby the X-line on the magnetosheath side. Figure 1 shows that the magnetospheric field measured before and after two jets was fairly quiet with B L ≈60 nT and B M ≈20nT, while between the two jets, the magnetosheath field was fluctuating around the averaged values of B L ≈-35nT and B M ≈+35nT. We then obtain that the averaged shear angle across the MP near the X-line was ∼ 116 o . In event 26 March the shear angle across the local MP can be estimated to be 57 o because of the presence of a strong guide field of ∼ −40 nT (see B M component in Figure 4) . In addition, a v y reversal from being dawnward in the magnetosheath to being duskward in the magnetospheric LLBL was observed. As Gosling et al. (1990) pointed out such a flow reversal at the MP for strong IMF B y can only be accomplished by low-latitude component reconnection. There are several other events not presented here which possess the analogous features to the above two events. These observations are apparently consistent with the near equatorial component merging model.
Component versus anti-parallel reconnection
In event 12 March, TC-1 observed a rapid reversal of v L , together with the magnetospheric part of the quadrupolar field caused by the Hall current in/near the ion inertial region. The reconnection site at the MP current sheet was not far from the TC-1 position. As Figure 3 shows right at the reversal of v L and B N , a non-zero background B M (∼ −28 nT) existed. In the present paper we consider this as a guide field and regard the 12 March event as evidence for component merging. Nevertheless, it can be seen in Figure  3 that at the reversal of v L and B N , B L remained finite (∼5nT). The spacecraft did not grab the X-line where the B L component should be zero. Therefore we do not know for sure whether these two components remain finite or vanish at the X-line. Similar structure has recently been observed in the high-latitude MP boundary (Zong et al., 2005) . Further studies of this type of events are highly required. X-line. The X-line in the center of the diffusion region was thus not far from the TC-1 position. Note that at the reversals of B N and v L , the background guide field B M was ≈-28 nT.
Event 26 March 2004
The third event was a low magnetic shear event observed around ∼09:40:24 UT on 26 March 2004 when TC-1 GSM coordinates were ∼(10.4, -2.2, -1.4) R E . During this event, Cluster was located in the solar wind just sunward of the bow shock. The Cluster measurement showed that the IMF had a northward orientation with a positive B y . In the time period of interest, IMF B z and B y were 6 nT and 9 nT, respectively. Figure 4 displays the measurements of variables similar to those in Fig. 1 . In addition, the bottom three panels show the electron density (g), temperature (h) and heat flux parallel to the magnetic field (i) measured by TC-1 PEACE. It is seen that while traversing from the magnetosheath into the magnetosphere, B z increased from 30 nT to 50 nT and B y dropped from 40 nT to -5 nT. In the meantime, TC-1 encountered a high speed dawnward flow inside the magnetospheric low-latitude boundary layer (LLBL). The LLBL is shaded in gray in Fig. 4 . In the adjacent magnetosheath (shaded in yellow) there was an accelerated duskward flow resulting from the draping of magnetosheath field lines . The appearance of the v y reversal was accomplished by a nearby reconnection associated with a pronounced local magnetic shear in the y-direction (Gosling et al., 1990) . Figures 5a and b show the Walén test plots for the MP crossing on 26 March 2004 when TC-1 was just on the magnetosheath side and magnetospheric side, respectively. The former has a positive slope, the latter has a negative slope. The magnitudes of the Walén slopes and correlation coefficients were both close to unit, which further supports that TC-1 encountered a merging region while traversing through the MP. Scurry et al. (1994) reported that low magnetic shear events occur only when the sheath beta is low. By using solar wind and magnetic field parameters measured in the adjacent magnetosheath, we obtain that the magnetosheath beta in this event was ≈0.09, much lower than that in event 21 March 2004 (≈1.35). TC-1 was thus located in the depletion layer in the magnetosheath . The magnetic field topology near the merging site will be studied in a future paper.
In short, the reconnection in this event occurred for a northward IMF B z nearby TC-1 at the dayside low-latitude MP.
Discussion
There are several events in the TC-1 reconnection list which are similar to the three described in the previous section. These observations support the component merging hypothesis and provide new evidence for dayside reconnection for northward IMF B z when an IMF B y is present.
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In event 12 March, TC-1 observed a rapid reversal of v L , together with the magnetospheric part of the quadrupolar field caused by the Hall current in/near the ion inertial region. The reconnection site at the MP current sheet was not far from the TC-1 position. As Fig. 3 shows, right at the reversal of v L and B N , a non-zero background B M (∼−28 nT) existed. In the present paper we consider this as a guide field and regard the 12 March event as evidence for component merging. A similar structure has recently been observed in the high-latitude MP boundary (Zong et al., 2005) . Further studies of this type of events are highly required.
In a statistical study of accelerated flow events measured by ISSE 2 spacecraft, Scurry et al. (1994) found that merging occurs in the subsolar region for a wide range of magnetic shear angle across the MP. The anti-parallel merging hypothesis cannot completely explain the dayside merging pattern. The TC-1 observations provide further evidence that when a nonzero IMF B y exists, component reconnection occurs at the dayside low-latitude MP.
Dayside reconnection for northward IMF B z
Reconnection occurring tailward of the cusp when the IMF is directed northward has been observed and expected to form the dayside low-latitude boundary layer and proton aurora (Song and Russell, 1992; Phan et al., 2003) . By studying the ion and electron data within the dayside LLBL, some authors have shown that component reconnection also occurs equatorward of the cusp for northward IMF (Onsager and Fuselier, 1994; Fuselier et al., 1997; Chandler et al., 1999) . We have found evidence (event 26 March 2004) that reconnection can occur for a northward IMF B z at the dayside low-latitude MP. Both reconnecting magnetic field geometry and the reversal of accelerated flow were clearly seen.
There are a few other similar events in the TC-1 list. These observations provide significant new evidence that reconnection may also take place at the low-latitude dayside magnetopause MP for northward IMF. As Fig. 4 indicates this happened when pronounced magnetic shear across the MP existed in the y-direction, which affords further evidence consistent with dayside low-latitude component merging. Nevertheless, the fast flows were slower in northward cases than in the southward IMF merging cases, in general; the bends in the reconnected field lines were less strong, too. The 3-D pattern of reconnected field lines and global consequence of energy and plasma transfer desire further studies.
Summary
In a certain number of reconnection events observed by TC-1, reconnection was operating nearby the spacecraft in the subsolar MP region. Three representative events were presented in this paper: In these events the shear angles across the MP were considerably smaller than 180 • ; a noticeable guide field was present. These observations are consistent with near equatorial component merging, suggesting that component reconnection can occur at the dayside low-latitude MP. There is also evidence that when a pronounced magnetic shear across the MP exists in the B y component, reconnection may operate at the dayside low-latitude MP for northward IMF B z .
